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Description 



■Si- 



TECHNICAL FIELD 

5 [0001] This invention relates to a martens (tic stainless steel welded pipe excellent in corrosion resistance, in particular 
in stress corrosion cracking resistance. More particularly, it relates to a martensitic stainless steel large-diameter and 
thick-wall welded !pipe >e^ed|^gj^inch» in outside gamete rand exceeding 0.5 inch in wall thickness, which is used 
in a pipeline, in particular a trunk 'line/for conveying a fluid such as oil or natural gas/readily f corrcdinq'metais> 

10 BACKGROUND Affr" 1U " ' t» ' , . • ' ., . _ 

[0002] Large-diameter,;hi^ 20 inches in outside, diameter and. 0.5 inch in wall 

thickness are w £fi)!^ lines, for conveying oils or natural gases which readily cause 

corrosion of metals. 5, " •'--«•-*-,- 



[0003] Suchiarge-diameter, thi^ck-wairpiDes are;generally produced by a process which comprises forming a thick 
plate or hot strip into an open pipe 1 Sr spTralVorrn^ bending and then welding the joimng ^SMbnsVg^er.-ffe steel 
pipes produced b^su^ or spfral 1 pipes? ^ ** R a * <** 30 YO*o aa.TA 

[0004] UO pipes are produced by r a forming n pfocess comprising the steps referred to by the alphabetic letters'^U and 
O) indicative of the Vame gMn^^M^^&oss, a thick plate is formed into' arf open ipfce^o^eflff^Blng a 
U press, then the side edges afejoiMdHd^each^other to form a pipe shape by means of an Oppress ahd the^ioinina 
portions afiweldWtolethe^H ^ n^omm j 



[0005] Spiral pipes are produce* b^rr^ir^a^strip into a pipe shape b^i^^l&i^^lilS^ in^esslon 
and then welding"fh% 1 joinTng |KftlOTS 4 1d^etlfe?5^e edge to side edge of the strip. 
[0006] Processes other than those mentioned above are also 1 available for the : f>T^ thick- 
25 wall pipes. For exam^ieVthere^ia proclss^iSR^iises forming a thick plate ir?to r S ^iil^s>iabStIinfa 3-roll 
type forming machine calledToll bender and then' seam-welding the side edge to side edge in order to join portions of 
the thick plate together. ^ i io»r&vni ) 

[0007] In producing these large^diameter, thick-wall pipes, the submerged arc welding m^od ? frTerirra 
to as "SAW method") is widely used. In producing large-diameter, thick-wa^ is 
generally-carried-ouUfrom-each of inside and outside of-th'e-pipe; Further, when the wall-of-the-material-is-thickrmurti 
pass (at least three) layer welding, in wh!i»-fM3r.m&rS^ dTieWMttTstiii, may^Be 

conducted in some instances. 

{0008] Heretofore, ^.in^prp.ducingdargerdiameter, thjck-wail welded pipes- to : be : used in conveying. : fluids P ,such as^oils 
and natural gases; readily pausing cprrosipn of:metais, steel plates made^of carbon. steel orjow^ajloy steeLcpntaining 
at most, about by mass _pf ? Cr have been^used^as ithe base metals ; together with s welding.;rn.aterjais..Theire^^^ 
iargeTdiameter.-thickrwall welded pipes made qf.carbon steel, which : is. inferior in corrosion resistance, have beep used 
is that;carbpn : steej is economically more adyahtagepus. However,, carbon .steel is poor ln .cprroAion,rjBsistanceyiTherer 
fore, for,pipejine^ponstjtuted ofrwelded.pipes rjnadex.of carboa.steej^jt : has been l a, common practice dtp, subject >the 
crude, pj! prjiatura] gas^obtajned frorrvan oil well tOidehydration:tp (( thereby reduce;the^cpjTOsiveness-o fluids bos 
[0009] Hpweveri the-cost of/constmction ofctheidehydrationdequipm and the platform, fpAthe -installation /thereof 
is high. Therefore, the use of a more corrosion-resjs_tant material has been begun for the production of pipes for pipelines 
while omitting the dehydration equipment. The material having higher corrosion resistance includes stainless steel. 
[001 0] In this case, neither dehydration equipment nor platform therefor is required at exploration locations and this 
fact is very advantageous to the exploration of small-scale' oil ^r gas wells, for example horizontal wells, which cannot 
have been drilled. Specifically, it is an advantage that crude oils can be conveyed through such pipelines to an existing 
platform and collectively treated there for dehydration. 

[0011] In high-latitude districts at north latitude 70 D or higher where future exploration is expected, for example oil 
wells in the North Sea, the platform construction itself is difficult from the viewpoint of waves on the sea. In that case, 
it is necessary to transport crude oils through^pipejines v^ithoutjdehydration treatment. ' 

[001 2] With such background, large-diame^r,J^k^wall welded pipes enabling the omission of dehydration treatment 
are more and more desired for cpnveyirig"fTuids readily corrosive against rnetelsT" — J 

[0013] Some stainless steels which are highly corrosion-resistant and suitable for convey ingsuch fluids as mentioned 
above, and seamless pipes or electric resistance wefded pipes ^or laser welded pipes made thereof with a relatively 
small diameter and a relatively thin wall, have been proposedrAs N for large-diameter, thick-wall welded pipes made of 
stainless steel, welded pipes and base.metals therefor are disclosedjn JP Kokai H10-60599 and JP Kokai H12-8144 
for instance. ^ — """^^fX^ / ^~'\ 

[0014] For the above application, martensitic sta|nps^eeTcontaining 9-13% by mass of Cr are used from the 

economical viewpoint, f his is because martensitic stainless steel has, in addition to the economical feature, sufficient 

* W 
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corrosion resistance under such circumstances as mentioned.above, and is excellent in hot workability and, therefore, 
can readily be made into thick plates or hot-rolled plates, which are materials for the-production of welded pipes. 
[0015] It has been considered that these martensitic stain less^steels used for b ase; metals and the weld metals of 
seam weld portions are exceneTiTinWesI corrosion "cracking resistance (hereinafter' ref erred to as "SCC resistance"), 
carbon dioxide gas corrosion resistance, (hereinafter referred to as "C0 2 resistance") and sulfide stress corrosion re- 
sistance (hereinafter referred to~as- M SSCTesistance"or^ *j 

[0016] However, it has been^ revealed. that" when welded. p ipes' jcna&e piTnartensjtic stainless steel are used in a 
pipeline for conveying a corrosive fluid without dehydration, stress corro*sidn"crackingl(hereinafter referred to as "SCC") 
tends to occur at the weld portion of the pipe inside surface. In particular, with large^diameter, thick-wall welded pipes 
produced by the SAW method without cutting off the weld bead, on the pjpe>inside and joutside surfaces, the tendency 
toward occurrence of SCC is significant Furthermore, it has becprhe apparent that t -even if the pipes have SCC resist- 
ance, the base metal and weld metal may be poor, in sour gas c resibtanceand the weld metal may be high in weld hot 
cracking susceptibility in some instances. m ^ , " T , °o 8 . 0 : u0 



15 DISCLOSURE OF THE INVENTION 



[0017]^b The object;of the present inventionis to provide a f large^diameterf thick^wall martensitic:stainless steel welded 
pipV excellent in corrosion tesistance^in particular stress corrosion cracking resistance '(SCC resistance)'; at the' base 
metal portion and the seam weld portion of pipe inside surface and, furth excellent in sulfide" stress<corrosiorf resist- 
ance (sourigas resistance) and carbon:dioxide gas corrosion resistance (CO^resistance)i toc bocrfaw enT [S2O0] 
[0018] rorThe^stainless' steel weldedspipe^of thelnventiomis composed, of a:base J .metaljwhichiis-a stainless 1 ste 
tainihg;not mo?ethan^:05?/o"by masstofce and 9^20% by mass'of-Cr and having metal lurgical microstructu res-comprising 
atfuli:martensite.phase: orra martensite iphase as the main constituent with a ferrite 'phase* contained -therein/;and<a 
seam weld metal which is a stainless steel containing not more than 0.1 % by mass of C and 7-20% by mass of;Cfcand 
having metallurgical; microstructu res comprising a martehsite^phase as-the main constituent withahmustenite[pffa£e 
contained therein. sFurther/ the seam weld bead on the inside: surface of *he welded- pipe' of :the invention-satisfies the 
following relation* (1)} f *is - a«n mo.- v U:n -j.-.}.,-^ -;t= u vino ion :m lacxo *i li belloi lor* z& *\ 'slsm sasd 



. w'> WW. J .flit. 



L ^ 0.2 x W 



(1) 



!/1 



where L: the length of the portions of the- seam weld bead showing-a value-of h which exceeds 1 .25 as calculated by 
the expression (2) shown below: 



h = {1 + (2 x HAV)} x (YS B100 /YS w100 ) 



(2) 



or 



where 



?iS itUsrn o^fid ^r*t 1o gjnofnoa T o»V1 M".*C :■ '■ ^te*^ oats ?i "< eqic btbtew otef.d svr^. artj to 3 [WUff] 

( *,. /T H:^ itf :fj^t ifiw bervdrr- cvvw-'sd work; 

Mnri^Bioo^^yjeW streno^h^ snr b^d.-no * o,!iWw "?rrs rxWu^ blew V; 

YS^ 00 ;.jti^ metaLat.1 OOJC .(M?a) ; . t CBn ^ ii-w .^aiisfwe oi^oo i£ism oiew -im b"s 

4 5 [001 9] As for the metaHugical Wcrosfructum of the base metal arid weld metialj Jlpo&|ogtHe base metal are desirably 
constituted of 55-90% makensite phase and 1 0-45% f errite phase and-those of the' weld-metal are desirably constituted 
of 70-95% martensite phase and 5-30% austenite phaset on the volume % basil: '. ^ \ , 
[0020] The contents of'cherSical-cbhriponents'other than C and Cr_of the bale^m;etar4n|d of the weld metal of the 
seam weld portion of the welded pipe of tfte invention are^esirablywithin the respectiye.ranges shown below: 



For the base metal, on the mass % basis: 



^8 f - ' 



Si j 0.01-1%, j sol.AI 
Mn^U.05-2%, I V 
Ni j 0-9%, | Zr 
Mo^ko-5%,: 'fOa p 
W j 0-6%, j Mg 



! ,0.001-0.1%. . ; 

| nsrii s'orn ton ; 
•-0-0.5%,- — 

! 0-0.5%, 

ho-0;05% r : * 

* 

| 0-0.05%, 



O 

iA 



0£ 
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'siawi 00*3 *3vbh **ocio *5nJ n n 



v>'t. 



elFPJjthe base metal, on the. mass % t>asis:^ t ^ 15^] 0 . 



0» » J - * Jt'll 



(continued)"* j s ^r^:;^-":-^ 4 ^-t,;-- ■>■*•• -.. ;-v r ~<; Jt ^ » 



^GuUhO-5%,^v<| Ti >:'•"<> \ not more tharrO-:l%,*n 
' H er.iif|iataj! : :v | Balance:'| Fe ahd impurities;^'*: 



For the weld metal, on the mass % basis: x 



•♦;ShMi;t0.01ct%i' I sol.AI • ^0.001^0/1%-; ' v 
itMrfP'jf 0:05-2%;" | V ~ ! ' :■' - h0-0:3%v ooiq erh :o nc 
°Ni ^l-'WKnC- " I Zr ~'j O-OT.3%, *3nitiuo . ; uo^v, 



f W ■'VS^Sr r j Mg 



j not more than b.1%, 



Cu j 0-3%, j Ti 

i I Balance j Fe and impurities. or . 



.jor*«%m WA5 ;^!.v:J can 
>rnc,q t. vtilirjflTisiOcVij'i c-'iy.-jy.".-: 
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[0021]/ <oFor both the;base metal and weld metal* the contents of P, S and O (oxygen) among the impurities are desirably 
astfollows;; not . more than;0;025P/oi < S:: not more than: 0.01% and O: not; more than 0:01%r whi!e:the content of N is 
desirablyt not moreithan:0 i 02%-for^the base;metal and not more than 0.05% fonthe.weld metal.eni hrs nci'i,jo : ,ei&m 
[0022] The welded pipe mentioned abbve .is; a^ basic welded ^piperoUhecpresentrinvention^rand the welded^pipe of 
therinventiomwhich satisfied.^the above;conditions is excellentiin S0C: resistance?^ n part icu Ian -The .base metaBused 
fon pipe-production maybe theionelas-hotrolled. Further, this pipe shows sufficlent-SCe resistance and ;(D©2 resistance 
evemwhen the heattreatmentof the; heat affected zone of the base metal.and of the.weld metal portion is omitted 'after 
weldings assm yd *°0S-^ o^.s j •sasrr yd ».°t v ■■p-' ;cf. qnfniptron ! ee<5 ??>9ln1sJ3 g 21 ^-;ir<w 'stem btew -tsos 
[0023]9^The;contents\of Gr v ?Nhand 71 in the base.metal of : the basic welded pipe of.the, invention desirably. falh with in 
the respective ranges given below an d.furthensatisfy the relations (3) and:(4) given:below; In this casereven; when the 
base metal is as hot rolled, it is excellent not only in SCC resistance but also in sour gas resistance' and^even^when 
the heat treatment of the weld portion after welding is omitted : these resistances are satisfactory. 



1 / 



yd b«!f^]»: / :i^ 



-1* *i * 



Cr j 11-20%, Ti Tnot more than 0.05%, 
Ni j 3-7%, j 



o - - 



Cr + 1 .5Mo - Ni - 0.4Cu -14^0 



Cr + 1 .5Mo - 2Ni - O.BCu - 1 2.5 ^ 0 



(3) 



(4) 



[0024] For the above basic welded pipe, it is also desirable that the Cr, Ni, Mo and 71 contents of the base metal as 
shown below are combined with the Cr, Ni, Mo and Ti contents of the" weld mefaf as shbwnTJelowknd thaf the chemical 
composition of the weld metal satisfy the relations (5) and (6) given below. In this case, WeTrwhen^tKe^eartre 
of the weld portion after welding is omitted, the base' metal an^ Weld meta^ 

and the weld metal portion is excellent with respect to sour gas%sTstance &r%! / W > eltf AoPBriESidr^^usraptibil^^ 



ftasf'rfietal:^ riv '''' 



Cr, j 15-2Qa'o, 



1 , \ . 



MO S ; j ;1 > 5 n 4% ijiS ,P 0C 5 bpK gp 

71 . --i noUmore than:0.pi.5%;^3 



cr 1 ii-i8%;/^,; , ( / .Bo, - " t.m%, .i^-: i 

Ni H 5-1 0%r— W j 0-4%, 



Ti 1 i not more than 0.03%, 



1 



0 -j 



1 



. ■'OP-?.?* fcfttufitsrmo 
jpi 'o ^• Jr-oo bio"- ^sss 



•5 : 



-1 ^ Cr + Mo - 1 7Ni ^ 13 -;220 x O (oxygen) -..v 



(5) 



-1 <\ 
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[Q025]^:ln addition>'tb.the*we"lded'pipe. mentioned above /the basic' we Ide'd pijseiafiAriling-WthShnVentbrii', wtferPthe^ 
base metal and^ea'm weld'metal have the chemical' compositions respectively givenbelow'on the mass- ^basis/shbws? 
trietfighest SGG^ resistance]?:) OOaoriJ ■■: "^.'i sn: r*uo^;r n°-:o (■ 01 th asu*iwaqfr»©i rtpiri 
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St i not more than 0.5%, 
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Ti 


j not more. than,0.t%,wi 
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Weld metal: 
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tGym j? not more than. 0.05%, 


Ti ■-■ "oi 


M ..not mo re;th an 0 , 1 %;l f ; 




..•n'iT*':' vd *j-:ii , jitv> -^i * 


; .Sha (1 riot more^than* 0.5%, 


- Cu-' ^v- 
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^■Mn^ f hot^mbre^than 1 %, r 
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Ni I 0-9%, 
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j 0-0.01%, 

• Fe and impurities. 
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[00271 The invention is directedto ( aJarge-diameter, thick : wall welded, pipe an d.thejerm "large diameter 4 ' rneaiis, not- 
lessjhan 2Q inches, (508 mm . andjhe, term, "thick, wall" means not;less t than,abqut^0.5„jnch,i12.7, mm); iXhe.term. 
"martensite^phase asjhe main,constituent": means .that.themartensrte.DhaseDroportiqn^xceeds^Oj^.by volume. 
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Fig. 1 is a schematic drawing illustrating the sectional structure. of. the, seam, of u an ordinary, large T diameter, .thicks 
wall welded pjpe. 

Fig. 2A and Fig. 2B are.drawings illustrating the method of providing.abending.stress for.tbe.SCC.resistance and-, 
sour gas resistance tests as used in the examples. Fig. 2A is a sectional view of a jig for providing i.a i bendmg. stjess^^ 
and Fig. 2B is a drawing illustrating a state of a 4-point bending stress being imposed. 

Fig. 3 is a schematic representation of the sectional structure of the weld made from the single pass weld material 
■£) used in Examples 1 and 2. >oo' ^ r ^ '' W - H * ^ + - 1,1 - * 

Fig. 4 is a drawing showing the site of test specimen sampling for the tests made in the examples, namely the site 
of collection of 4-point bending test specimens from the single, pass, weld material JorSCC^resistance , and ^our . 

Fig. 5 is a drawing showing the site of test specimen sampling for the tests made in the examples, najT]ely,the v srte t 
of coIlectionjDf 4-point bending test specimens from the welded pipe for.SCC resistance ancfsour gas jWstance^ 
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BEST MODES FOR CARRYING OUT THE INVENTION 



[0029] As mentioned above, crude oils and natural gases, when the treatment for dehydration thereof is omitted, 
may cause corrosion of metals. When large-diameter, thick-wall martensitic stainless steel welded pipes produced by 

to occur on the seam weld 'on the^mskle^rface, , .,. 9fs1U0 ^ > 30m 9r)} 39ld6n9 noitfinWmro «rtt tsflt 

[0030] v The present inventors revealed that the above SCC occurs mainly at the weld bead toe. They elucidated the (1 

cause thereof and have.now completed the present invention. ..... , rtrt , , orl! . ^ 

[0031 1 Fig. 1 is a schematic drawing illustrating the sectional structure of the seam weld of an ordinary large-diameter,., 
thick-wall welded pipe. ^ 
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width of the bead, YS B100 (MPa) the yield strength of the base metal at 1 00°C and YS w100 (MPa) the yield strength of 
the weld metal at 100°C. . , 1 ' , - 

[0039]* Tor the welded pipe of trie invention, the value of the index" h defined by the above formula (2) which is equal 
to 1 .25 is taken as a standard index value. And, the length L, in the weld bead direction, of those convexes^of the 
welded pipe whose h exceeds 1 .25 is determined. L should satisfy the following_relation,(1 )• , ^ ■ . ^ - hl 

jpsflimo) *i >o0i3«ii notjSioyrieb -oi 'nsfnifsrn; •• s f, • • L s O^xWo'jffi-i b.is siio rbin... cvccn uartoitnsrn .?A 

vri booufeoxi asoiq bdh'lew loDfa. aeei iista ciffc* 1 -.rv - : • - '.-^j jei*v>i?b-^S{f*l -VariW .^iDeon to noiswnco aausd vs-* 

[0040] < Tne reasdh' why r SCC resistahce°evaluatioh is made basecl on the combination of'h = T. 25 and relation (1 ) is 
that this combination enables the most accurate appreciation of trie SCCresistance. " * - " " ' 

[0041] In the case of spiral welded pipes, the term "in the weld bead direction" as used herein means the direction 
of the fusion line of the spiral seam. The above standard is very effective for evaluating, for SCC resistance, welded 
pipes particularly intended for conveying high-temperature fluids untreated for dehydration, such as crude oils nch in 1 



v. 
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[0032] For the welded pipe 1 according to the invention, the size and number of the convexes of the weld on the 
pipe inside surface are restricted by considering the width and height of the weld bead 3 on the pipe inside surface 
and the yield strength of the base metal and of the weld metal at the temperature 100°C. As a result, the stress con- 
centration at : thejweld K bead, to.efAcaused by -the shape of the s weld bead is- suppressed and- itbecomes possible;to 
5 prevent the; pccurrencerpf' cracking caused by the difference In .strength, between .the base, metal^and. weld -metal ; at 
high temperatures up to 100°C. In particular, the synergy effect in preventing the SCC resulting frorjvthose two effects 
is significant. Therefore, the welded pipe of the invention exhibits good SCC resistance even in fluids containing high 
concentrations of chlorides and C0 2 at high temperatures up to aboun~00 0 C. ■ 

[0033] The reason why-SCG tends- to-occur at the toe 4 of the- weld-bead-3-on the-pipe inside surface may be 
10 mentioned more specifically^ foilowi-'"^^ ^ '^[^ '■ Z 5 v 

[0034] In producing martensitic stain less ^teel welded pipes, me ? weld*'materiar(weld^^^^ wire) generally used is a 
duplex stainless steel containing not less?fhan 22% by mass of Cr and comprising a ferffte phase and an austenite 
phase or a super duplex stainless steel containing not less than 25% by mass of Cr) Of the weld materials mentioned 
above, the duplex stainless steel js* superior in> corrosion resistance to the base metal while'the super duplex stainless 

15 steel is superior in corrosion resistance"and strength to the'base'metal. WfrenTon the^dther hand, a martensitic weld 

~ . : -ro< r t ris l A 

material having the same r £pmppDent_series^as the .base metal . is. used, Jhe„weld,material. is selected among those 

having a chemical compositioh^allowing:the formation of an austenite phase in the weld metal. The reason is that since 

martensitic stainless steel is high in weld cold cracking susceptibility/the cold cracking should be inhibited by forming 

an austenite phase. In cases where a ferritephase is present in the weld metal, weld ihot cracking tends to occur readily 

20 and therefore the metallurgical micro structures.shou Id comprise two phases, namehy a martensite phase and an austen- : c - 

ite phase. : t ^*ro.C-o = »?Q-o : im j 

[0035] The weld metal having dual phase microstructure containing austenite phase shows more markable decreas- 
es in strength, in particularJn. yield. strength,. at.high temperatures .up.to..about -1 00?.C as-compared with base metals 
having substantially single-phase martensite microstructures. Therefore, the yield*strength of the weld metal is lower 
than that of the base metal in^a high temperature service environment. In particular when used in a pipeline : the bipe 
undergoes hoop stress due to tension during use and, therefore, greater strains are imposed on the weld metal inferior 
in yield strength than on the base metal: The reason why SCC tends to occur at the weld bead toe is that the tensile 
stress and the stress concentration in the'weld bead overlap with each other, which result in an excessive' increase in 
the strain on the'weld metal side of the weld bead toe. Where the welded pipe of the invention is concerned, the strain 
30 at the weld bead toe on the pipe inside surface is prevented from occurring by the means described below, hence SCC 
hardly occurs. 

[0036] In the following/the welded pipe of the invention is described more specifically. The representation by % of 
the content of each chemical component means % by mass. .SvjCJ 

35 sHape of ^Weld^d Shthe ^irSid¥ surface: ^ ' -it. : ,^ z ^ - d p 

[0037] *^ 'According to the invention; the height index h of the weld bead on the pipe inside surface is ^defined by the 
fdflowmg n e f quafioV ^ ^ ^ "° ^ 9 ' v 3r: ' H '°' :: *■ 3 c * s^omfixo 2*! - : > oosu 3h s?E^f const^ias'i ^so it-ps 

be^oami ontdd zz^U ,r bn^.-j --r-;c:-f» h tr ofe } ^ -3 pnitfitsulM on.^.v^b s ?j 8^ .ds : i one. 

h = {1 + (2 x H/W)} x (YS B100 A^S w100 ) £ cob r istefnsxd r beau (2) 

-?ria edj «rf*»mfin 29)qmsx9 orttni sbsm sieol e"? ; -:r;i y: rs^ 'erni^ocs tej^o eris or?t jinjwons cnwB'b fi ai^ .pH 

[0038] In formula (2), H (mm) represents the height of the weld bead 3 from the pipe inside surface, W (mm) the 
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chlorides' and containjn'g'carbon'dioxide'gas;'-^''---. " " ^ b'.tf '/.WRiarv- v... •■:.{,« ■Kiv.-.-f.o:, 

[0042] : Referring to theabove formula^ the yield strength values at 100-°C forthe'base metal and weld; metal af§ 
employed because : in those pipelines where the welded pipe of the invention is main l/used, the'pipe inside temperature 
isi'generaily atmostabout ^1 0O°O."; 'r^-r. : cn" if • -:: aar.d s/"t v o fnoinoo ^ 9*» sioi&^T [OX ] 
3d ^eo l^em :<.?j\'; js ( t •z.-j v^r-' :>'*.. el * - c> :.■? ^rotf* ylcJtrtaao **»e!ro ■• : -.rij V) ; ; i r .* * reu^ >rr 

Metallugical micrdstructures'bf the base metal and weld metal: '*auu s-ii "L.r f ■Is'-w' 9*sa i":grwu* ni -si^.ri 

[0043] > vThe metallugical- microstructures of- the base metal should ransist:iTOlriiy'6f%Yh&rt^% ! ite~j5h^e contain ingS 
ferrte phase KAithough -the" base metal may-comprise a full martensite 4 phase 1 , ^thick^plafe* or hotJ-rolle^ plate* with "a? 
single phase^which is the material foV a welded pipe, is excessively-high iri-strerigth, hgn"ce^thei5onditlbns of^use'theredf 
are < restricted f o r 'example?,** it? is* 'less :wo rkable- an d th e w elded p ip'e' 'as we I dec! "c6 n d iti oh f barif ha!fti tf be h us : ed : witho ut 
heat treatment after production. Therefore, for obtaining an appropriate level of strength, the-m'efallu'rgicaVmicroltru 
turescof the' base<metarshould'be^such'that:the marteVrsite-phasV^ b^vblum'e r anft alfefntS 

phase is contained therein. The^ferrite'pha^e proportion may be r 0%T«Trfe martensite'phWe' volume ; 'percenta"ge*ih r 'the s 
metallurgical microstructures is* desi rab ly '55-90%. -The f errite^phas'e^accounfs 5 for th^remaihder and*-trTe volume per 2 ' 
centage'therebf is desirably 10-45%^ wr^a ■■<' > ... ;fh io^ktj^c n snieftebtew /. to noilouboiq srtr -vtifltef i aasc 9»<* 

[0044] The strength of the base metal as hot-rolled or as welded for'pljD^e'prbductib^is 'desirably e^uivalent-to'the- 
X-80 graded- strength (551 to 6B9WPaMn>yield strength) as defined in^the relevant API r stalfda^ 
strerigthy it r is necessarythat the microstructures contain a softferrite^ph'aseV^ 

phase. When the martensite phase proportion exceeds 90% by volumel'the? strength") becomes ^excessively h 
local deformation may'occUrMnnhe' weld portioris during the cbnstruction^ofla-pipelihe? It ^therefore desirable tHat-fhel 
m&rtensite v phase c acc^^ 90% by Volume^n&meiy the f eFrite^phas^accbuht^fbrnot less^th^h r 1 0%? 

so as to suppress the increase in strength ^When, on the oth er ha nd ;-the martensite phase pTb^f^rtibh=is" leVs"than^55%" 
by^vorume^ayield^strength^coYresp^ndingrto the X-80>grade , "m 1 ay2h6Fbe i ^ 

desirabletfhatthe martensitevphase^volUme^percentage is 55-90%* *rt to \1ii!tiifaao3i;S gnsbsio tori blew edt no bns 
[0045]TinThe 1 volurne' ratio between the-ffiartens'ite "phase ; and f errite^p'riase' i h4he"nTetallurgi(5a(l ! 'mimslfui^reS^inlfe* 
determined by the pointscountirigi method. According to this method? microscopic"^ 
microstmctures ; at'a^magnrfication of -1?000."(7;3 cm'x'9.5 'cm) : afe^ke^ift 5 f fields*aM ? f"uMe^ 
thereof are^printed.^Then/unit lihes^are^drawn on these phbtdgraphs^at-5-m^^ r gnds 'are^exarrnfie^cil 

while'tgivirig li'p'ointiwhen^afgrid^is^withinvatm'artensite phase ,^0 (zefb)vpbinEwhe^ 

pbinkwrreh ifcistontfre bounda^ tetal^numBef of grids'^ 

calculated and the proportion of each phase is ; determined by -dividing theVcoV¥fa^ 

totarnumtJerl This value Tepres'ehts^thecvblume proportion- of thefblevanTpfiaseli^ii^-o^ *tj gniouboiq [8200] 
[0046] The metallurgical mrcrostructures of the weld metal mainly comprise a martensfte'pfikse"'ah3 r c6ritS 
austenite phase?Thn3^rhicrostructures should contain' ari r austehite^ph*ase^s^ tRaf 'the streri^hrtbughnessTcbld worifa-1 
bilityv an'd 'weld : hot cracking iresistance^ of th J e weld rrietal portion] caffbe^secufedPTfie -ausfehite r phase prbpoitioTpisl 
des1raibty^5 < -^&%tb^ 

the fusion weldingl method ,^which v ten ! ds to" increase* ah'-O (oxygen) Y cbntentMh'the^wel^ m-eta^porti bh, is-usedf : the* 
microstructures is* effective -for securing toQghness^fnoo nM ertt_*o fimii --aqqu srIT [fBOOl 

[0047] "oThe^austehiteophase 'volume 'percentage •(%)- in" the rhartensitic ^icTbstnictures tfan^be J determinecj "by'the 1 
following method? For a^pipe or plate- the intensity ratio of the austehife^ {220}"diffractiori patterfi tb the^m¥rtensife^h1ase^ 
{21 1} 'diffractioh^pattem js determined fof r each of three sections;- namely ^a^'sectibh^ih'the'dir^tiiDn^o^rbliin^?^ section 1 
perpendicular to the direction of rolling and -a^sectibn' parallel to^tK'^u'rfacev"6y i tr?e X^ray'difffactlon m^tribd'usihg tft 
Co-Kvd r ray as : the primary Xi ray. The austenite^phase volume percentages '3re"thWh*calcui^ the'measlTred:- 
values for the three sections and the mean values of the results is calculated. islem blew 

[0048] | V6Sihce l 'however 1 ^the T rnaHerisite phase r ahd austenrte'phase differ in diirffabtib erforsl 
may occurre-due to the'differehces* iri" characteristics frorrf apparatus' to^appafatiJs^ it-is^ : necessa^ 
corrections! Us ing^a standard sample composed 1 of marsensitic staihl§ss r steel arid aJslenltic* stain less %1:eei telen*cled=ih* 
a-predeteiTTiinbd'phase^ratio.^l .bnsrt '-or\% sn» ic. n«on'A' ^os bdioettatsarl cniblow'odt n\ aaondrDuof bns rligneua 

Ghemicarcbmpositions^the bas'e : rmetal:and weld metal:- ^ii eniaaavmi s o! evtosnoai iW ifiism bisw ert! ni [^SOO] 
nor" nerij 4ssi ion vicsiiasb nt^tfioo :t v or-t ^a-i : ^H; gnioufcoiq iol .bsnieino:i ai il^l rious 'ustdo of 

[0049]$ -Gi^When fhe x 'C:cohtenf is high*, both the base 'metal-andVeld'metaiincre 

is high, the S'CC resistance an d;sbur gas resistance decrease so tHat^aibw C cbntent is^d§sirablefFbr-tKe'¥ase*meta^ 
in f particular,:the C r c6ntent should be^as low as" possible^andr-wheh'the G 'cdriterit 5 is v bver K o:05 b /o, thVhafdening finM:fiS) 
welding hVat : affected'Zone becomes significant; In-that case*- the difference irTyield strength betweenMhe°base'metaP 
and weld metal portion increases and strains tend to be concentrated 5 orfthe' weld riietal slde^at th^bbuVddry'Betweerr 1 
the~weld metal portion and:welding' heat affected zone at the weld- bead toe. When such a'welded pipe^s-applie^for] 
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conveying a high temperature fluid not treated for dehydration but containingphlorides in large amounts under a carbon 
dioxide, gas. environment? it is, apt to undergo stress corrosion cracking. Further,, in an environment containing a .trace 
ampuntpfhy^ decreases. markedly. - - H -<vf *. f .'^co -;.v?fr -.1 h' voioirs 

[0050] Therefore, the C content of the base metal is determined to be not more than 0.05%. -.As for the weld metal, 
the upper limit of the C content is desirably higher as compared with the base metal so that the weld metal can be 
higher in strength than the base metal; thus, the upper limit of the G contenH&set to 0.1%. Desirably;- the G content is 
. not more than 0.03% for the base metal and is not more than 0.05% for the weld metal. 
[005j1] s^CrtQrJs an-element improving the corrosion resistance,- in particular;the:C02-resistance...When the Cr content 
of ihejbasejmetal.is:less than;;9.%.and thatof the weld. metal -is lessrthan .7%, thefCO^ resistancerisinot^sufficient.for 
the eipertpjbe^usedtincQonveylng a carbpn>di oxide-containing 'fluid* readily, cpiroding:metaIs,-/for£example natural-gas 
pr^de^qiLwit.hjno^ the I ower f l im lit pi. the. Gr. content is •:seUo*9%»for ! the_base.metal 

and;^%,!pr»the t we^ .ri/gpeite;o *9V0" . * ji- ri^iric ict atoteisaHT r.cuoutjortc; "atfe :ns<-nf?T'i teen 

[0052] 3 The uppejv.limit pftthejGjkQP.rtent is-set to 20% for both the, base.metal. and weldcmetalrWhen the.Gr content 
of f the ( base s m^^ (Ms-ppint) lowers, hencejt is difficult to obtain 

metallurgical microstmcjures^mainty comprising. a martensite.phase.Jn:particular;when,a plate as hot:rolled js used as 
the base metal for the production of a welded pipe, it becomes difficult to secure thedesirable lower limitr namely. 55% 
byiyplume.itpithe marten_sjtejphasejprpportipn .rj - ; - ^ : iio> ? of<-.* -stor* wl on"! r o ^-or^Aa riv^oQ] 

[OOSainiWhen the Grtcpntent oUhe/W.efd metal is over 20% rferrite phases- tend .to be formed.- In that case; the metf 
ajlujgicahmjcrpst^ will not become dualphase microstructures mainly comprising-a 

rnarteipi^tpha^ ^soxs <~omcao*iq sssrfq 3ii«neri&r- nsnW ossna 

[PP54] it Jherefo^^^ Sincere 
C©2 resistance is.more /improyed asdtheiGc content is-higher, a desirable Cr content xange is t1l:20%^ more -desirably 
t5:20%rfor £ the : base i( metaj and; MJ&%xmore. desirably^ 1- : 15%, for;the\weldjrietal. -i ms&ow ertt zz&ncuz of *s os 
[0055] oiJheiCr content exerts^ importanUnfluences also oatrje.sour gas resistance. of the base metal and weld metal 
and on the weld hot cracking susceptibility of the weld metaL These corrosion: resistances: are . also influenced.bythe 
contents pf L pther ; elements, for . example. Ni,- which are austenite phase forming-elements. 'iTheref ore r it. is recommended 
that^he!'gr,cpntentris3sejec^ contents of sucrtelements, as .mentionedjaterr heiiein* vo bsn^-s-eb' 

[Q0§6ko^e^lernert are elements which may be^contained in theibasetmetal when necessary, m 

[0p57] fi xSib-Si ^(an^elementieffectiye.f^ of the molten steel jn-the.production ofHthe.ibasei metal': and; in 

depxjdatipji^ptthe:fusiont2one in J the 3 step l of; welding. Since, - however; 4he t toughnessjtends to,;decrease whentfberSi 
content is hig.ber;ithan>1%ii^ it isused.as the;-deoxidi2er^is:desjrablycnot ; more^tnan 1i%vfontbe 

base^etal r as 7 wel^ uppenlimit is;0.5%r? dons ;o nemocrcnci envoaa belsluolso 

[0058] For producingthe deoxidizing: effect of Si, it.is desirable-that.thejSivcontent.bepnpt^less-thani0.01 } %tiA''more 
^ir^le^iPweriiimit^is i0.p5.%ahferr • s Borneo 3 - i->w o ssiuiouMseioin isoigiutieiem arrr [&$>O0] 

[0059],- 1 Accordingly,; a. desirable, content pf.Si, when it is contained, is v 0.01r1%,'more.desirabVpC05r0.5%.stin9i?.u6 
[Q060] ^Mru Mritis an 'element effectiyejoc improving the deoxidation of the molten steel in the^production-of , the base 
metal, pr4he,deoxidatipn c pf the 5 fusion"zpne,i_n the step of, welding;- and the ihot- workability^ sthe/steel? Forcproducing 
thesejeffects, itjs- desirable that, its contents is not less than 0.05%.-f or iboth.the^base metal ; and. weld f metal. io*eut e-it 
[0061] The upper limit of the Mn conterjt is .preferably set at 2%<>for ? both theibasejmetal^and iWeld metahcYVhemthe 
Mtycpjntentjof^ of Mn tends tpooccurnwith in the slab (forjthe production^ the 

b^tlJ^hih^nc^ftdeci^^ in.tpughness^.may occur due to the segregation of Mniandjialso^thenSCG. resistance 
ten.ds,tp .deGrease. : A des 

n5.^fWP%^'^rthjB.itoughri9fi38 and SCG- resistance are apt to decrease.-s gnil!<n T c noiissmb sftt oi ^iunibnsme'j 
BPS^ajAccp/dinglyrwhen iMrb content is 0.05-2% r 'desirably J 0.05-1% l for both the base metal and 

weld metal. oel-sk •■ *''■.>;> V. 1 ' -o asuiov .^esrr c^i bna ^no'toas aeiri! o^t 50> asjlfiv 

[Q063] ^Nij^NUs^an.element^effectivelo the toughness of the c welding>heat^affected;zone, in high$level<heat 

inpirt :t weldjngr.thecefo/e it is : necessary to attain;that.effect.-VVhenJts;contentsis:less Jhan 3%- t 

the : anipuntipf.ferrrte I in^the ; w^idLng i heat, affected zone may become, excessive- leading to f failure jtcrobtainrsufficient 
strength and toughness In the welding heat affected zone. When, on the other hand, the Ni content of the base metal 
is higher than 9%, the Ms point lowers and the strength tends to decrease. A more desirable upper limit is 7%. 
[0064] In the weld metal, Ni is effective for increasing the austenite phase proportion . Therefore,.when, it is:necessary 
to obtain such effect, Ni is contained. For producing that effect, the Ni content is desirably not less than 2%, more 
desirablyi not; less vthanj^/or it Whm Jhe Ni 3 cpntent.of the .weld metal- is oyer 10%,Athe .effect cof^Ni saturates and an 
increased cost is. caused? ;hence the upper limit of the Ni.content;of the.weld metabis?preferably setito:l;0%. J ! roir 91 
[PPesj^rAqcprdingly, when^itis.desirable fprthe base metal to contain Ni\ its.contentis desirably 3-9% -more desirably 
3x7%. ooi;.7%,- When/the weld. metal contains Ni; : the content thereof is desirably 2-1 0%,-more. desirably 5-J 0%-. Since 
Cp.has.almpsMhe same^effect as that :.of».-Ni? Co may be substituted for part- of Ni.rr . 9 , ■ c or . , ; ore 
[0066] [-(Moj VV and CuhThese elements are effective for improving the sour gas; resistance of the base.metal and of 
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the weld metal. Therefore, when the welded pipe is to be used for conveying a-hydrogen^sulfide-containing fluid, at 
leastfone'bf those 1 ' elements -is' preferably "contained. Mo and Gu are particularly 'effective for improving the sour 5 gas 
resistance.'^ bne e^.e^oen o*<*v.vo* ■jv-afciw - vc-v 'r - 1 ^ r; o*r/*K- :oc zt. -*i:-t i *j v o -vC-munis^ no!cor:oo 
[0067p ■For.obtai , ning r -the'effect , 6f thes'e , elements, the contentof each-'of therelements"ih the'base^metal'and:in the 
weldmefaMs-preferably^not less'than 0:5%.?As for the base metal, however; when the:Mo contend exceeds 5%;Uhe 
toughness";in'*-tfie^ zonetdecreases and, when'the/Wr'cohtentvexceeds'6% and<th'etCu:coritenl 

exceeds 5%, the hot workability lowers. As regards the weld metal f^wh eh ther Mo content' exceedsi5%' and'when the 
W content 'and- Cu contenUexceed 6% and 3%, respectively; the'" weld hotf cracking- res istancecdecreases.'iVv' 
[0068] nr Accordingly; when th'ese'-elements/are added to the base metal; th&cohfentsfof Moand GuiarVeach:preferably 
0.5-5% and the W content is preferably 0.5-6%. A desirable range of the Mo content is 1 .5-4% an d^aJdesirable 'range 
of the Cu content is 1 -3%. 

[0069] As for the weld metal, the Mo content is preferably 0.5-5% and 'eachrof^theiW^conteht^andiCu^conteht'is 
preferably 0.5-3%. A desirable range of the Mo content is 1 .5-4% and a desirable range of the W content and of the 
Cufcfthte'nt'i'sM -3%jzt»w 0*VJ ♦nuHeoao awort?. S/n-v. 'c iota bsbtawsrii evoc'finisioH bonoUnem zA [&3Cfl] 
'[0070]oi:Sot"AI?-Al is an elemenfreffective for'deoxidation of the , molten:ste'el'in base'.metaKproductionror ■of.the.fusiorf 
zone iii the step" of welding. 'For obtaining the deoxidation effect' of "Al;rit' is- recommendableithatthe^sohrAI content is 
not less than 0.001% for the base -metal -as well as for the weld metal. Whehf -on the-other^handj the s'okvAl content is 
bver Oi^/o^alumiria clusters readily remain -in^the base metal or weld metal,^h'ence'tdughness"decreases.HA :?Z<&) 
[OOZIl^Accordingly^when'AI isia'dded^the rsoi? Al content is preferably 0:001 -0.1 %~f on both the baseffnetal and:weld 
WetaDA"desirable : \GohtenttWge-is 0:001 i 0.4%;imore' preferably 0.00t?0:01 %.sa5d a o^ntftio sr-r amsc. erf* s bre 
[0072]^e\a afnd^Zrr-EacHtof' these elements "ineffective^ for fixing 'O-'anchNsirntttei steehas the carbidetoninitrideeand 
thefeby^educing'the variati6hs^iri»strength-isuch as yiel d'strength^of*thefba£se> material and » of therweldi metal :Mmen 
it'i's necessary taobtaih this ~effect>itis recomm 

sigriif icanfat 1 a' content of hot less thah'0;00 %% for each element. Howevepwhehithe^content of:these elements exceeds 
0:5% f .op the^base- metal • or<0.'3%4or- the-weld metal , ; the base metal *ahd weld. rhetalabothitendrto ; decrease toughness 
ah d ? cdrrbsidn ''resistance .vd <i c 0£ nsrft siorn ron *** ^-r o^.---' easncs erianensm s bne otuIov yd *?0t nsri't 3sgI ion Hj 
[0073]^ 'Accordingly; when : th'es'e 4 elements are -added, a desirable content rof:each*elem l entiis? 0-001 ?0:5%'pmore ; de? 
sirably 0.001-0.3%, for the base metal and 0.001-0.3%, more desirablycO.OPI r0:2-%£fbr the^weld metal ftoqoia eaerlq 
[0074] ^Ga" and'Mg; These elements^are'-effective for improving the" hot-workabilltyrofnhesbasei metal? Furthermore] 
they are also effective for preventing nozzle choking at a time of casting a slab forthe base metahby cohtinuo'us-casting: 
Therefore, when it is necessary to obtain these effects, at least one of the elements is preferably added. The effects 
of these elements become significant at a content of not less than 0.0005% each. However, when the content of each 
exceeds 0.05%, coarse oxide particles thereof tend to remain in the steel, so that the toughness of the base metal 
tends to decrease and the particles may serve as initiation sites of pitting to reduce the corrosion resistance. 
[0075] Accordingly, when these elements^are^tp be. contained in ^the baseynetal, their content should preferably be 
0.0005-0.05% for each of Ca and Mg. A desirable range is 0.0005-6.03%, more desirably 0.0005-0.01%. 
[0076] Ca and Mg can fix S in the weld metal and improve the weld hot cracking resistance. For obtaining the effect 
6f-the1se"elemehtSrthey are'preferably cbntained-at a content of not' lessen a n»0». 0003%* When-? however; l trie content 
r of T:hese^ elements^ over 0.03%; 'coarse oxide particles thereof readily remaih in the weld metal and? \n suchi cases, 
the toughness ,3 decf eases? and the' coafse 7 'oxide particles' serve as iriitiation N 'sites 'of ^prtting^to^po^sibly^ decrease' the 
rcbr rbsiSh - resistance^ Theref 6 re * whfetf 1 these e lements l are - added «3 1 desirab le rco ntenf cof, ^each'* tCa^ arid M g^ is 
: 0:O0O3^O.03%i. fttshqoiQc.fi ni 2iuoco 9^r?.do olhv.Y :n'f i- borysisa bloods nciiUoomoo 'eotmerls s qnUosio sin} 
[0077]' *TT: In cases- where the m'etallurgical microstructure otthe base^ metal is'cbnstituted of a- martens ite:phase'and 
a ferrite phase, the presence of Tl reduces the toughness of the base metal. In particular wherTthe Ti content 'exceeds 
0 i 1 '%Tthe decrease -iri : tbu gh h'ess" becomes' sign ificant . Theref o re? the' Ti rcohterit^ of t he'basejmetal Iss p ret e rab Iy5 not 
m ore than 0^1 %^A ^esirabr^Ti content level is not more than 0.05% c ahd a-mbre desirable bheMs^not rri6Veithahi0:0.15%^ 
[0078] ^^C>ri the^ other hafndVTOs geherally added to the weld material to stab ilize the welding:arc^Thferefore\c-Ti.remains 
1fiithe^weld>metaL"'The?influ i en^ toughness^ of the weldrmetalristrelatively-slight^buf) atrover^0.t%rfthd 

■to ugh ness tends tb-decfease^TH feref ore\5he ; Ti r cb htent i n th e weld'metal is desirably not more i th arf0:l-% /more des'irab ly 
^mofe'th'anUb5%rstill more^desiTably^hot rfioYe than 0":03%*. ^05-2 *■ O -asqns'5 svUoaqe^i sniwolJc- grti iijiiiw *d 
[0079JO r SV'N=and 0'amorfgfimpuiities>€ them is an element -existinjg>fe^aW irripuntyjsm 
in the base hrietarahd w'eld^metal shoUld : bellow as po"ssible. s t bn« ^0 0 nail} efiom Ton iT bns i°^0 :VV r 
[0080] When the P content exceeds 0.025%, the corrosion resistance and toughness of the base metal and weld 
metal tend to decrease. Therefore, the P content jsjDreferab ly , not more than 0.025%. A level not more than 0.015% 
is more desirable and a level not more than 0.01% is still more desirable. 

[0081] When the S content exceeds 0.01 %, the hot workability, corrosion resistance and toughness of the base metal 
and the hot cracking resistance, corrosion resistance and toughness o^the weld metal tend to decrease. Therefore, 
the S content in the base metal and in the weld metal is preferablynot more than 0.01 %, more desirably not more than 
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0; 005%,. still more desirablynot more than 0.002%. it ■ . io • ' ^ vv ■'«•■« * " . biw 

[0082]' When the N content exceeds; 0.02% in the base metal or over 0.05%- in the weld metal,- the toughness -and 
corrosion resistance of the base metal as hot rolled or as welded show a tendency toward decrease and the toughness 
and corrosiomresistance of theweld metaltend to decrease. In particular, the toughness of; the. welding heat affected 

5 zone.of.the base metal and the sourgas resistance of the base metaLand of the weld, metal tend, to decrease. Therefore, 
theiN:content of. the basermetakis preferably not more than 0.02% and-that of the weld metal . not more than, 0.05%-. 
For both metals;, the? N. content; of. not 'more than. 0.01% is more desirable. ?.A renvoi '<.>> ."^ 'h9S.'W* 

[0083] When- the O. (oxygen) content exceeds 0.01 %, the toughness and.corrosion<resistance of .the, base metakand 
of the; weld metal tend to decrease:rXherefore, the O content is desirablyinotrmore^than 0.01%,'imore;desirably nojt 

10 more thani0:005%rf^ =• v n*i»rooo'^ :Mt v^b - Sc-^A '.^Jflfr **•»■■! : .: w er ? bnfc ) 



Pref erred; modes. of -the chemicaLcomposition: ■. • *>. , • st <;--^nor, nM ; . : ~vv srij aA 

hc\\ Vj hi -p. Tcnnrr. W or^Mo ognr.: Gtd^ti?'sb p ,« ' ".tnoc 4fit % o oqrtfii ~>rjiPi.-*ao J il viCix^oKi 

[0084] As mentioned hereinabove, the welded pipe of the invention shows excellent SCC resistance when.used for 

is the conveyance^ crude, oils ,or the- 1 ike i without treatment for dehydration; Further, as described under\"Disclosure of 
Invention", the welded pipe of. the invention can have further beneficial: characteristics when the, base, metal or weld 
metal satisfies .the following conditions: with respect, to the chemicaLcomposition thereof, -^\\ ••«:■: :>:" "00 C s '] ^se 1 !cn 
[0085] As already, mentioned, hereinabove^ it is desirable that the metallurgical! microstructu res of the., base metal, is 
constituted ofr55r90%imartensite,phaserand ,10r45% ferrite phase* For.securingcsuch,metallurgicalrmicrostructures 

20 and at the same time obtaining a base metal;excellent in strength:and, toughness and;further showing such:corrosion 
resistanceifeatures as sourogas resistance-even when the heat treatment after, hot rolling in/the.procesS'Of basejrnetal 
plateproductionand/ortheiheattreatmentafterwelding is omitted, it js desirable that the following conditionsjs satisfied. 
[0086] srn^e"Gr,?Nrand-Ti contents oHhe-base metal should be asiollowsoCn: 11?i20%^n:notimo!i:e:than^0.v05,% l £Ni: 
3r7%? And.^when. the base metalcontains Mo,-the contents of the:elements including these s ho uld:satisfy theirelations 

25 (3);and (4) shown:below;simultaneously.vThe relation (3) is a condition. favorable to obtaining^ fecrite:phaseproportion % 
of not less than 10% by volume and a martensite phase proportion of not more than 90% by volurne\While, the relation 
(4).isia.condition favorable40iObtaining.a , martensite phase proportion of^not. less than:55% by yolume;and a^ferjite 
phase proportion-of not, more than r 45% by; volume. ■ - • > - :o tos m^m sane .. x 0-rO0.O yldsiia 

[OOSTJefi^Fhe symbols;of:eiementsiinthe:relations (3) and (4) denote: the contents (%:by mass) oJ;thej(Bspectiy t e;elej- 

30 ments:contained in theisteelassd'sfi -otaptes ■ - ■• s ..j'v^rib ekio-* sni^.s^ep; tot evi^tte daiB eis yen; -x 

*to9ifc> efff aebb's '/{oh^s^ig si aJnameie sril -c . v v.r resile ^sarii nisjc'o c^n^^sioc^ =i ri asrw rroiensriT 

-o rpsmoc ^9ri%v tevewcH ^oes " f* ; - - ' ^ s c 'i'e^o^ a l s .f«^c»1»noiff omoosd sslnemsie o.^e(li,kl 

Cr + 1.5Mo - Ni -0.4Cu - 14 ^ 0 . ^„ , (3) 

:rjns;?v.;v ^"M'WQS '"»di eoiibai of gn»3* ( " "- ■*p'«'.- , r-:^:»ni sv^e.?. 'm-t; asici^j - : \ ; esb^^st a %Df;ei 

. . . . Cr+..1.5Mo.- 2Ni -0.8Cu - 12.5 ^ 0 * ^ , (4) 

[0088]j oReferringdo the weld metal,: rt is. desirable that it is constituted.of.martensitic microstructures.contaiping-5,-3.0% 
austenite. phases as already mentioned hereinabove. The. reason why .such metallurgical microstructures aresdesired 

40 is that'the:cracking^(called.weld$hot cracking)Jsito be prevented from occurring^in the process of solidification { from the 
molten state:in: the stepiof: welding and the strength and toughness;of the weld : metal is to : be, improved .sFor preventing 
this cracking, a chemical composition should be selected such that ferrite phase occurs in appropriate amountsjn the 
solidification) processiand in -the; cooling process after solidification, and the;femite^phase disappeansr : while the temper:- 
ature,:fallS' to; about 200?G^w ^fuoi^fcc n\ 'fii^r •. :>-.: c- r.-r n-.^v-ot ^nt seocboi V *o Gcnoasic.eHr ^a-firiq siiret b ■ 

45 [0089] s^hose/conditions.under which ferrite phases can occur in ; solidification process-should betaken: into, consid- 
eration andrlfurther^theiweld metaLshould be. constituted of martensite microstructure, containing 5730%'byrvplumejof - 
austenite^phases at ordinary temperature.f For that purpose, it is desirable ; to properly select the contents; of the^errite^ 
forming elements Cr and^Mo^nd .austenite^fomriing element : Ni wjiile taking, the 'contents ^thereof intor consideration 
simultaneously. For the, weled pipe of:tne;present invention, the. contents" ofrGr- NfcMo; and ?njnXhecb^e.metetshAM.W 

50 be within the following respective ranges: Cr: 1 5-20%, Ni:.4-7%, Mo: -1:.5-4% andjl; not more than 0.0.1 5.%;:the contents v 

of Gr. NirMorW^and.Ti in the:weld metaUhould be within the following* respective jajiges:„Cr:i11-18%v Nir5Tl 0%rM.o: 

1.5^4%, W: 0-4% andTi: not more than 0.03%; and the following relationsc(5) v and,(6) should be, satisfied:^ R j m 

olew bn-^ <s?orn sz&ri rrAl tc ^aenrpuoi bne to^t: - 1 !o'c.or.oo eriJ ^fSSO.O abeeoxe rn-alnoo ^ edj no-^W [0B00] 

••^rO »■) srff e'en f on !< A- -»f<rSJl 0 i*m e:^-;- J -j'Sin s Jns^iOO 0 3o't yT>rs ,, :" l r ' ^fie v oer -;1 v>'^^ 

-1 ^ Cr + Mo - 1 .7Ni ^ 1 3 - 220 x O (oxygen) , (5) 

A^rm -jftf.d -j 1 ^ 1 j -toti o? trns «crAj3»- s .e- "'•jt.o «< ' ■ ?qH *3rt! .^ O|, 0.c v •■ 3"v-3 . r .'"-co -om •-teW ; f^0Cl 

w . . 25 ^ Cr+ Mo+ I.8N1 ^ 30 j ^ (6) 
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[0090] The relation (5) is directed to the ferrite phase formation in the process of solidification and the term "Cr +-M6 
- 1 .7 x Ni" is an empirical formula indicating the tendency toward ferrite phase formation. As the value of this formula 
decreases; the ferrite^phase yield decreases. However, when the value of this.formula is lessthan^V. no ferrite phase; 
existsrathigh temperaturesimmediately after solidification; hence weld hot cracking tends to occur. On the other hand, 
5 when the value of this formula is excessively high, the ferrite phase yield becomes excessive f hence the toughness 
decreases:" 1 ri.^nj ■* n »" ^ ^ HJi - |,,v • • "' '•■ ~» • v ' >:i_i >3f 'rt'^iw. jOZ 

[0091 The toughness of this- weld metaLis.strongly influenced by the content of O (oxygen)' When the'relation^Cr 
+ Moc- "1.7'X £«220?x>O"i in which the O content^ is: involved; is satisfied ,^the«wekl>metali : obtained-can. have 

sufficient loughnessjoms ^n»bn2d ^>'z ;» l<v " h.^ ' • -sr*.- -fvifn rr-jomn gn'bned wit 'fldt oa 85 oos ■■*$* 

to [D092]"*n Referring^© the . relation (6)rtheiterm "Cr + Mo + 1 .8:x Ni n is' ah empiricatformula indicating 1 the tendency 
toward austenite phase formation. *When*'the value of this formula is less than: 25, the austenite phase'-yieldus^light- 
and no sufficient toughnessrcan be obtained. Conversely, when ^the value of this formula 'exceeds 30 ?»theTaustenite v 
phase:yield becomes "excessive, 'hencersufficient tensile strength and yield strength- cannot'be secured ??0 r - noilulcs 
[0093]JO'The term^sUtficient>tehsile strength u, as'used refem 

15 testj failure occurs in^the base 'metal portion but not in the weld metal portion!' For the welded pipe of the invention;* the 
weld metal should have a tensile strength-of not less than 650 -MPa r so that the strength cari'be" not" below 'the~X-80 
grade'(not less titan. 551 M Pa in yield strength).-' • ..i sr.* ^.nVV s ««ii!o» obsrn ;.gw lo'lfiumve sriT fW&] 
[0094] A -When ce basevrhetal 'satisfies the'above relations (3) and (4) and the weld metal satisfies the relations^) 
an"d*(6)?-the welded piperofthe> invention* can become one further improved in- characteristics.^ snomteoa tezi *o 

20 [0095]sbrn-addition-to:the:above<features^of the welded pipe; when'the-chemical composition"^ the' base : metal' com- 
prisesf C: not more:thaln,0:05%f Sirthot more than 0.5%; Mn:^not :more:thari2l.°/opGr:-9-1 7%;Ni: 0-9%\M?. 0-.1 "?3ft Cu:' 
0-3%7 V: 0^0.3%vGa::0-0"0"1 %rTi: not more than 01 % and the balanceuFe and impurities, and the chemical composition 
of the weld metal comprises: C: not more than 0.05%, Si: not more than 0.5%j T Mn; not more than<1 %V*Gr> 9-20%r Ni: 
0-9%/W: 0r3%r Gu:^ 0-3%^'V:? 0-0.2%^ Ga: 0-0.01%, B: 0-0. 01%; Tlrnot^ more Uhan i 0.1%" ahd^the, Balance: Fe^&hci; 

25 impurities, the welded pipe shows the highest level 'of SCC resistance: -*"t;o ^ns *: - vx>o 3*rtr uteva aaw mm r nsr* 
~r r t?er t w.-fiJ^j^3"' 0O8 3r!t *it r :ft =m£* er'; •■- - rvr- 'o^s -i 'GCiftun fans ev« sr* 7 'es.' sonntei?^ ang iuo3 
Use'as'a pipe for:a*pipeline:" :acr -orsJs^c ■■. - ^-r^ ?.nt nciisoiiqcw ??.©i.s enibnad to. snouibnco 
\wcflot pew unoifibrcc nomlft.v'ii ivr'-jo*:..- " - ■■•in'r-i - e.'rcrus o; borosiduH siew (mm) v "nuoms Qflibned 
[0096] ioThe welded pipe^of the invention's most effectively, used as apipe for- a'pipeline~f or conveying a'crude T oil-dr> 

30 natural'gas while^omitting the'treatrhent^f or dehydration. In particular, when the; side edge' of 6n'e v pipe^ is-joinedttoithe' 
side v edge''of fan other- by weld ingi'duri n'gva construction of a pipeline, the^weld metal 'portion* and the> heat* affected ^zorfe' 
ofnhe"base^m'etal!need'not r be subjected'to postweld heat treatment. The'reforefthe^ pipeline 
condition. The side edge-to-side edge welding of pipes can^be realized by'applying such r a"welding:memdd'as : the^SAW 
method, TIG method, MIG 1 . method on'M AG method .son • . * ?a ^vsp. euro ^nstno v.^ujIrvs sn.r mm 

35 

Method of producing the welded pipe: 

[0097]^'*«The-weldedpipe of thepresentlnvention can be produced by a conventiona^methoy of producing ordinary 
welded pipes/A. general. methods production is as follows^o*-"'' 1 ^^ owl bne elR?o«Ti oeod wUo ^ncitenidmoo 

40 [0098] First, a hot strip or thick plate is cut to a width substantially equal to>the^ outer -circumf ere nee' ofthe ^ product 
pipel<Then7if is formed.into ^cylindrical form by the UOE method comprising forming by means^of aOpre'ssfa U f press] 
andean O-press*. The pining portions^are'then welded together by the. SAW method to produce 'a» welded pip'eVlrfthe 
forming stage; the -UO method; spiral method/roll bending method or-like methojdim'ay also be'employedpo l r^;rro^ 
[OOg^aaThe'welding'conditions^as'weiras the flux 'and welding wire'can^be-selectednakihg' into ^consideration* the 

45 chemical composition otthe: weld metaharidf other factors. In cases- where' *a fihe^adjustment'iri hardness becomes 7 
neceTsaryrtemperihg'brlike treatrhent£may be carried out ;.t ^ipiq >i" :■*» ros«>o e^e erJT lysbnels erti bsnileb 
[0100] The chemical composition of the base metal to be used can adequately be selected considering the above' 
conditions according ttfthe^ intended; use^otthe welde'dpipe? ^ - 3 ?iodmva etiJ nevip ssmiq >lo!di erit ^ [eOf C] 
[0101] siAs*-fdr*thefmeth6d r of 'producingnhe hot strip br thick plater'namelyzthe^base -metal^ 

50 conventional use may be'empldyed^The^hot strip or thick plate may be produced by the meth'dd'eomprising hot rolling' 
afcontiriuously^cast slab\or the"method comprising blooming a^steehingot/followed by'hot^rcillingvv or,? noifiaoqmoo 
[01 02] In producing the base metal with a ferrite pha£e p ropdrt ion of 1 0-45%toy volume* (rfiartehsite-phasepropbrtion' 
of-55-90%vby volume) 4 , the :heating e .temperature' for the^m'ateriaUpriofto hbtcrolling is^desirably-i:i00'?C-1250°c;PAt a- 
heating temperature>exceeding'1250 e G: ferrite phases may precipitate:abundantiy 1n'6oHn'e : Mdtfiil&te^WW-thlB^^Lilt- 

55 that the' metallui^icarmicrostrUcturesvof*tKe^product cannot be constituted^ mainly of ^"martensite- ph'aserAt below- 
ll OO^C.^he material'steel'shows high^deformation resistance, hence" is difficult to~ hot: rolh.rtsnisnsri^ zto™w -^fls 
»'\f\ ,?no1 '^ r '-* Ha* bn-' t' w iw r vr - -2S • ** ■ • .2 ^.oJ :w T U*.*0' r * ^ ' v.v TTO--^t* \ * % crt 
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EXAMPLE&-M ; S -i «.i<^ .w:ittL»m ». 'n 'c v; " *" ' : '" f '> "* ' : " ,; ' ,J J' J *' ;! - '■•.••/h^ 1 [OvKVj 

[0103] ;-!The test methods used. in- Examples 1 to 3 in common are as follows? Fig. 3 is a schematic drawing showing 
the sectionaLstructure.of the>weld portion .formed by the single pass weld material.? used in: Examples 1 and 2,to be 

5 mentioned later h erel n. y> h-.t^ aa.r.o.v 'i*v- . ^ ■ ■ ■'■ '• ' r^ 1 -' ' * si.if r =-oi *o ™ihv on ■ ■ ■■ 
SCC resistance test: The size of test specimens was: thickness 5 mm x width 25.4 mm x length 1 65 mm. Foreachset 
ottest conditions^onetest specimen, was, prepared .in Example^ ' and, two specimens, were prepared in Example 2 and 
Example^; A bending : stress.was;applied by setting the test specimen^. on a. jig 6 for causing bending, as shown in 
Fig. 2A and Fig. 2B, so that the bending amount might arrive at Y (mm). "Y" is the bending amount -arrived !at when.a 

10 stress requalinjivalue^to the yield .strength (YS) of the base metal- is 1 appiiecHas c* (bending-.stress) appearing! in: the y 
equationtsbpwn>in! Fig.i2B-at room temperature. The test specimens.with^this^bending.amountigiven were subjected 
to autoclave .treatment r>The: treatment conditions were as follows: (atmosphere -j.CQ 2 ~g as at t30„ atmospheres, test 
solution - 10% (byjTiass^aqueous^NaCI solution aMOO^G, immersionrtime":in, solution 6720 hours/The.test specimens 
aftentreatmentwereobseryed by^heeyerf on occurrence of cracking. In.casestwhere.theioccurrence or^nonoccurrence 

15 of cracking.could not^ba confirmed!. definitely by visual observation alone, the section thereof was polished and then 
observed for occurrence t or nonoccurence of cracking under.an optical:microscope.e' <r:ei * -wi c:,.'ir«s ijv.s.-n bteu 
[0104] The evaluation was made as follows. When the number of test specimens' was, one, the case wherenocrack 
was found was judged; good and/the jcase where cracking was found-was judged defective "xr^When the number 
of test specimens was 2,-.the.i case where either, specimen showed no-cracking was Judged good' "CTq the case where 

20 one;specimen.showed:cracking,was judged poor." A" and the casewhere both showed crackingiwas judged defective 
"X* C0 2 rresistance test: 0 The size; of, test specimens was "thickness <2 mm^x width^O-mm^x-length 50 mm.'Jhe.test 
specimens-were subjected, to autoclave treatment under the same- conditions- ascin the-SCC: resistance test and v :ex7 
amined for corrosion irate:- in t that treatment. 0 w» ? .- - -. d cC C "art «nom *cn O •aeehornco is. tern blew ertt so 

[0105]^ Tbe^G0 2 -,resistance evaluation, was; made as follows. The.case where:the "dim ensionaUbss^was not more 

25 than 1 mm was evaluated good "Q 1 and other cases were evaluated- defective *x".H*orte eoic Qsbtew ortf eeithuqmi ^ 
Sour gas resistance test: Trie size and number of test specimens were the same as in the SCC resistance test. The 
conditions of bending stress application were the same as in the SCC resistance test. The test specimens giyensthe 
bending amount Y (mm) were subjected to autoclave treatment. The autoclave treatment conditions were as follows: 
atmospheres C0 2 .gas-at ,30 atmospheres with, H 2 S gas ata. partial pressure of 0.03 atmosphere =test;solution[3<l 0P/o 

30 (by mass) aqueousNaCI solution with pH;4;5 at. a temperature of 25.°.Gv immersion time y, 720 f^oursrTheitestspecirnens Tfc 
after.treatmentwere.observed.by the. eye for occurrence of tracking.; I njcases.where^the occurrence .or nonoccurrence 
ofrcrackingicould^notfbe confirmed;.definitely by visual .observation . alone, cthe^section thereof;was;polished>and;then 
observed for occurre^nce.orrnonoccurence.of cracking under amoptical microscop_e.t -afcis-of-sobr ;b ; 2 -:<rfr rioi-Hbr-.er 
[0106] The evaluation criteria were the same as in the SCC resistance test mentioned -above. -orfh-r- ©P" c^vv- 
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Example 1 



[0,107]io |n Example it ,-the. relation between the weld bead shape and the SCC resistance was examined; Furtherfthe 
combinations of five base metals and two weld materials differing in chemical composition; metallurgical microstructures 

40 and-:tenslle;characteristics)were;also,examinedi ■r.\r < ^a--rU^ Hiteiw s ot tuo 3i sJfiia >ioiHt ante vv j s ia^n [86001 
[0108] J ilnaTable„1 p there^are showmthe, chemical compositions; and .metallurgjcalmicrostructurestofi Si thick -plates 
(symbols; A:E)-, namely. -base metals ,rthe. chemical compositions oftthe .weld materialsr(syrnbols F.and G) used andithe 
chemical compositions.and. metallurgical, microstructures of the weld metals obtained from; the combinations; ofrthese 
baseimetalS'andrweld materials.? AH .thejbase metals were martensitic-stainlessvsteels containing ferrite phaset€Each 

45 thick^plate had been adjusted.so.that its strength was of the X-80 grade (not less than 80 ksi (551 MRa)<iniyield strength) 
defined in the API standard. The size of each thick plates for welding ; test was as follows: 12.7r25.4 mm:thick^300:mm 
wide:and.1 m long.noo botoeloa yletfiuc^bs --a-;..- m u oj 9S6d sfi* } o '"oitisoamoo teoimorto srlT [OOfQ] 
[0109] For the thick plates given the symbols B, D or E^steehplate specimens^(2} specimens fpntheconeigiyenfthe 
symbol B) for. actual pipe:making. testing ,4920 mm wide and 6 m longr wererprepared andifourrlarge-diameterjthick} 

50 wall welded,pipesr610}mm:in outside, diametenand 6 m in length, wererproduced by { therS AW. methods jThe;chemical 
composition of the weld;material:used! in: pipe. making was that shown 4n Table llrunder. the symbol v GoThe,tests;made 
f or^the^welded pipes^correspond -to.theutest numbers 33-36- in -Table 4;met a 'sJ^m osad .erit griouboiq n \ [SO rO} 
[01.1 0]yks: foothe 300^mm r wide thicks plates for welding testing; cone.edgensidei.thereof ^in^therwidth direction:was 
subjected to:beye.l machining according to the plate thbkness and the beveled portions were joined and weidedjtogether 

55 by. the singleTpass^SAvyimethod. FigsS showsrthe sectional structured the ^-weld i bead portion of thettest specimen 
after this welding (heretnaftenreferred'to:also as. ?, weld joint") rThe symbol:7 denotes -the.thick:p!ate (base metal); and 
the symbol 2 denotes the weld metal. Two test specimens 5, 5 mm thick, 25.4 mm wide and 165 mm long, for four- 
point bending testing, with a weld bead, were each taken from the site of that weld joint as indicated in Fig. 4 and 
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subjected to corrosion testing. As for the 6 m-long welded pipes, test specimens 5 for corrosion testing were each 
taken from the site-shown in Fig? 5 judged to-be the highesHn-the-weld bead;portion h.- , ■ 
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[01 12] Among the single pass welded materials shown In Table 2 to Table 4, the materials of specimen numbers 3-7 
were the same.as,those of .the .single pass- welded material of specimen- number 2 and. the -materials of specimen 
numbers 18-21 were the^sarne as the single pass welded material of specimen number 17.' However, the both sides 
other than the length L ha d bee n cut offby cutting treatment to the same Height as the base ffietal surface. 
[01 13] AridreacfTof thethus-obtained single pass weld materials and welded pipes was subjected to; the folfowinq 
tests as welded, ^namely- without any heat treatment after welding. - j 

[01 14] Ea'ch'test specimen "was~subjected to tensile test, weld bead shape'measurement; SCC resistance test, C0 2 
resistance test ahd sour gas jesistahce testf \ ~ 1 C : ' IiIV? Ti<-*'^ : cc : 

[0115] Thetensile-testconditions-in Example 1 were as follows: — — ■ J 

[01 1 6] For both" the single pass weld materials and welded pipes, the testspecimen sampling site was in the direction 
perpendiculacto the,steej plate rolling direction for the base metal portions and in the direction tangential to the direction 
of seam welding for the base £J£ta| ppjtions jand the size of each test s pecimen w as as follows: 8 mm in outside 
diameter and 60j mm in parallel portion length. The test temperature was JIOO^C or room temperature and, at the 
temperature 100°C, the yield strength (YS).pf the base^ metal and ofjthe^weld, metal was measured and, at room 
15 temperature, the'tensile'strength (TS)1mcl:yielcl strength (YS) of each o'f : th'e;base and weld rnetals were examined. 
[01 17] The results of the. above tests are.also shown in Tables 2 to 4. _ * * ^ .\ ~„ ^ 1 * 7 i 

[0118] The-resu Its shown in~fables 2-to 4 indicate the following. . — r:A.^i:r.fi"-; ti 

[0119] The singie^pass welded portions (specimen numbers 6-8, 10, 11*, 13, 15, 16, 20-23, 25, 26, 28, 29, 31 and 
32) and weldecJ pipes (specimen numbers; 33^36) satisfying the conditions defined by the present invention with respect 
to the weld beadjshape allishowed good SCC resistance and were excellent in CO* resistance as well, j 
[0120] As; regards the-sour gasTesistance, the single pass welded portions and welded pipes other than those of 
specimen num^rs:2.r>23^28; 29^3j^and.32..where the.Mo"conteritJn.thel:base^m.etaIjwas,low_showed good results 



From these 



results", it was confirmed that when sour gas resistance is required, it is desirable tcf employ another 
measure for improving the sdufj gas resistance in combination with measures for satisfying the conditions defined by 
25 the present jin^en^ipji with respect to the weld bead shape. ~ 2 w - 

[0121] ^Orj the other Kand.'-those single pass welded portions which failed to satisfy the conditions defined by the 
present inventibri concefnihgrthe weld-bead shape (specimen numbers-1-5, 9 r 12,-14 r 17-19, 24, 27, 30) were all poor 
in SCC resistance.^ ! rj \ : . o \ rj ' ^ i , f o ■ ~ | *> 

[01 22] 'The specimens numbered 20-23, 28, 29, 31 , 32 and 36 whose weld bead shape satisfied the weld bead shape 

:Theirsour 



conditions defined by the present invention were excellent in SCC resistance and further in CO? resistance.^ 
gas resisiarice'was'poor; however. , T i ' ? ~ ■ ? / ! T i J ^ 1 ' j ^ 

^ j v " i ^- J ^ n j ' ^ ' y . .»• ' ' ' I ... L • ; I ^ j • 



r 

Example^ 

i I 



35 [0123] in Example 2, the welded pipes satisfying the weld bead shape conditions defined by the invention, namely 
welded pipes showing good SCC resistance, were examined to find out the desirable conditions:conceming the chem- 
ical combos itib n an d'm^tafiurgical TrlTcrostrljctuTe of the base metaL IrT particularT^^onSitions to be satisfied by the 
base metal, j even as welded Qo have good sour gas resistance and toughness were researched. • 
[0124] Jhp- chemicahcompositions-of 2S' kinds of steel (base metals)^tested-are-shown~inJ"able~57*The 24 steels 
designated Nos.a-if and?x-z were each worked up into a plate, 25 mm thick,! 120 mm wideband 400 mm long, by the 
process of rnefting each steefin a small melting furnace, casting it into an ingot, heating the resulting casting at 1200°C, 
hot forging thejsame into a slub and, further, hot rolling the resulting^slab under the following conditions: number of 



passes = 5, finishing temperature =„9B0,°g,_The steel designated Nos.s-u werejhose in prior art cl^he steels desfgnated 
No.v and w were thick' plates,, 19 mm in thickness, for pipe production as produced in an actual plant. » j 
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[0125] A_weldjng wire, 4 mm irLdi_ameter t ,containing C: 0,01%, Cr: J2 k %,J4i:J!%^nd Moj.^,^ and a high 
basicity bond flux were prepared as the weld. materials. ~ . 

[0126] And, mimicking the actual welded pipe production process, the side edges, parallel to the direction of rolling, 
of each plate prepared were } worked to give Y shape bevels with an angle of 60 degrees'and a root face height of 13 
mm and the worked portions were butt welded. Single pass welding was performed by the |SAW method and the weld 
heat input was 7.5 kJ/mm. , ! icjssUr.r* •! ■ i ' .'-'.'"'i^i 

[0127] Then, the.test sDecimens mer^ioned below were takenfrom the base metal portion and butt welded portion 
after welding arid ejxamijied for 'mechanical properties (y^^^ strength and^tpughn^ resistance. 
[01 28] The tensile test^specimens for yield strength measurement were ( taken f ram i a site j nthe direction perpendicular 
to the direction of rolling of^the base metal and had the shape of' a round ban with 'a- 'diameter of A mm and a gauqe 

length of 20^mm.yj^ ■ • j ^fv^i ~T I ' ' S 1 

[0129] THeJ bha^^irtipactj^^ for toughness measurjsmjinrwe^^ a site in the direction per- 

pendicular to the 'direction of* rolling and : had thefshapebf No?4 sp jhUTs Z 2202 (1980) (length: 

75 mm, width £1 0 mm, notch; 2 mm yj. ThS Charpy, impact test spetimVns were; cut o ut' from b oth ' the base metal and 
butt welded portion'. The No '4 specimens cut out from the butt welded portion were notched in theweld bond portion 
(boundary between the|usion : zone;ana unf used zone). The toughness was^evaluated in^terms otyTrs. 
[01 30] TrieJ tesFspScirnens for Sour gasfreslstance test were taken from ja^site in the 'dfrectjon perpendicular to the 
directionofjollingranfl.wff^ 10 mm in : width and 75 

mm in length. As for the number of specimens, two were taken from the middle in the' direction of thickness for the 
base metal and for the'butt welded portion. The 4-point bent beam!test specimens cut out from the butt welded portion 
were notched in the weldSbond portion sih the same manner. as the above-mentioned Cbarpy impact test specimens. 
[0131] The bending jstress applied in sour .gas resistance test was .as. mentioned abpve.uThe specimen treatment 
conditionsjftefe^'follows:^ and H 2 S gas at 

a partial prq^^^crf S-OXa&7^>t(«9^ sc^luttoQ r an aqueous soluti,qpjco^ of NaCl at a temperature 

of 25°C, imm^sibn tjm£-j 2:.0Cgrio^ j r|.^jTheJpur gas -resistance waWva^^^ method mentioned above. 

[0132] The results of material characteristics evaluation are shown ^in Table 6, together; with the calculated values 
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[0133] The results shown in Table 6 clearly indicate the following. 

[0134] The chemical compositions of the specimens Nos. 1-1 5 and 22-26 satisfied the relations (3)' and(4) and the 
ferrite phase proportions were 12-43% by volume (martensite phase 57-88%; by volume). Therefore, the base metal 
in the vicinity of the weld beacl toe and the welding heat affected zone! both showed Jgopd sour gas resistance and 
toughness. The'yield strength |was also high and met the X-80 grade requirement prescribed in API, namely 551 -675 

MPa. ' ; ! J , | j i I ■ : : ! ; ; . ; ■ j \ ! ' ! ~ „ : ;Ji 

[0135] On the : otl?er tend; the.specimen Nos.f16, 17 and 1^2lr.which,faile;d tplsatisfyjone of the relations (3) or (4), 
were poor in at least one of sour 'gas resistance and toughness. Among; them, trie specimen Nos. 19-21r namely the 
conventional steeis.^a)lh|adxhemical.conn failing toUatisfy-theirejatfoni(3)- and, ■therefore.-the metallurgical 

microstructures showed a full fnartensite phase and no ferrite phase was present. As a result, the yield strength was 
abnormally high; namely; 820-843 MPa', although the toughness was good.: J f } I j ~ * .^ij 
[0136] It was therefore 3 confirmed that wKen sour gas resistance and toughness are (equired in addition to SCC 
resistance, it is desirableWthe base metal to satisfy the relations (3) .and (4) and to: have; the ferrite phase proportion 
to be not more than £5%' by volume; ■ i • fc 1 ' , . . . ^ 
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[01 37] In Example 3, the welded pipes satisfying the weld bead shape requirements defined by the present invention, 
namely welded pip^s having good SCG resistance, were examined to find out the desirable conditions to be satisfied 
by the chemical composition. and metallurgical microstructures, of .the weld metal. Jn. particular 'the conditions to be 
satisfied by the weldTnetal, even as welded, to have good sour gas resistance and toughness ,we re .researched. In 

Example 3, the investigations were also made concerning the weld hot cracking susceptibility* ^ $ \ 

[01 38] In Exampljf 37tfi portion T of - each; welded pTpelvas investigated for confirming the desiraj^e chemical 
compositions and metallurgical microstructures which the weld metal should have. For that purjpl>se i ; |he^tJiick plates 
prepared and .designated Nosi v and w, in Example 2 were used as the base metals.; These base^metaTs were formed 
into open pipes, a rfd welded pipes) edsrmm in-dutside diameter (24jhches) and 1 gmni in^ wall thickness, -were produced 
by welding the joining portions together by the SAW method. i ' ■ 1 i ' ' ' j ' | ' 1 ' i ' j < % [ t 2 <y 
[0139] -For formin'g weld metal portions differing in chemical compositiohr12 kinds of wirer4 mm in diameter, differing 
in chemical composition as shown in Table 7 were used as the weld material in pipe; prpductipnTFurtrierJtwo kinds of 
melting ftux:differing in basicity ! were combinedly used in welding. Thus J.9Jcindsjif welded pigejiiffering in weld metal 
chem ical composition i Were I prepared^ TrieTweldi n g conditions: were^as' follows? method^ \ 3-electrode SAW" metho d , 
heat input - .4.5 kJ/mm. ^he.chemical cornpositidns of the weld metals are shown miTable 8. » j 
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[0140] The weld metals.w.ere.evaluatedfor-weld hot cracking resistance.based.on.the occurrence or nonoccurrence 
of cracking in the weld metal portions of .the above welded pipes. jWhen' no'crackjwas observed;the weld hot cracking 
resistance was indicated by ''a^gopd^ i • c» P]J 

[0141] The test specimens for-tensile } test were No. 5 specimens- standardized in^JIS Z^2201-with a' parallel portion 
length of 11 0 mm arfd a gauge length of 1 00* mm. The specimens were taken in the directiori 5 perpendicular to,the fusion 
line so that the parallel portion; contained-the- weld meta! r welding heat-affected; zone and base-metaUThe test tem- 
perature was room temperature. The test results were indicated [by ; M OJ (good) when the failure occurred in the base 
metal portion and by "X'^poo^.w^en'^ailure fPU^iqt^^^^j i \ • A . 

[01 42] The Charpy impact test specimens for toughness measurement were taken f romveach.weld joint in the direc- 
tion perpendicular to thej weld bead. The specimens had the same shape;anti sizejas in Example 2 and the notch of 
each specimen was" formed so'tHaTi^wasIn tKe middle of the w^ldlTiet^ and the 

toughness was evaluated in terms of. absorbed energy vE _ 3(rc . The toughness was evaluated as good "O" when the 

■ " ' : !i ' as D0or"X M ,when itlwas lessjth^an 50^j. % ?A ' 



t * 



absorbed energy was nqtles^S jtKan^SO^J andLas^ poor 

[0143] The test specimens for sour ga's resistance test had the!shape ofja plate, 5 mm in 'thickness, 20 mm in width 
and 165 mm in parallel portionliength.The ; . specimens were taken jnJhe..direction„rierpend?cu Ian to.the!fusion line so 
that the fusion line (middle ."portion of the weld bead) was located in the ;middle of the specimen lengthy As for the 
reinforcement of weld, one side retained it and the reverse side was ground smoothly. The^method of bending stress 
application and the aulociav^treatmenV conditions were as 'mentioned 'above;.* -'(M a £ o £ 'f-^i 
[0144] The workability! was evaluated; by a test comprising bending the butt welded plate at a radius ofjcurvature 
which was twice the;plate.thickness.-The-test. results were indicated .by-CP. (good workabi I rty)-when no cracking, crush 



or like trouble occurred and;by;"X" (poor workability) for other cases 
T0145] The test results are. summarized Jn. Table 9. 
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[0146] The specimens numbered 4, 6-8, 14 and 1 6-1 8; all satisfying the relations (5) and (6) defined by the present 
invention, gave good results in all characteristics, namely, sour gas resistance-, toughness, weld- hot cracking resistance, 
workability and tensile properties, the specimen numbered 13, however, which satisfied the relations (5) and (6), was 
inferior in sour gas resistance since the Cr content was 1 0.4%, thus rather low. From this'Yesult, it was confirmed that 
for providing the weld metal with sour gas resistance, it is recommendable to increase the Cr content to 1 1 % or above 
while satisfying the relations (5) and (6)'simultaneously. - . ' ' ' Vi 

[01 47] The specimens given other numbers than those mentioned above'f ailed to satisfy at least one of the relations 
(5) and (6) and, except for specimen No?5; they were poor in at least one of sour gas resistance and toughness. The 
specimen numbered 5, which wastan example in which the austenite phase proportion in the; weld metal portion was 
as high as 40% by volume, was.gopdrjnsqur gas resistance and toughness but too low in tensile strength. 
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INDUSTRIAL APPLICABILITY 

Jit-. <J M.-j.TF 'JIOW ; JPS tr,J3fTi O^fiu 9fi3 tfjOO 



_«^/r*.V0. _v;"i!.'^om ton.-?. ,.^?.co.C nBOt atom 



mi r iioT , "Tu , ' r 'V •^V'^^-r- « ,5 £ •,- OA j v •" 5 v. u 'op '; .vis --/ran .f'U *'^cm ton. ? ,;'6\j.c nuot atom 
[0148] The martensitic stainless steel welded pipe of the inventions is excellent in corrosion resistance of pipe inside 

surface weld portion, in particular in SCC resistance, in spite of its" being a large-diameter thick-waU'welded pipe. 

Further, the sour gas resistance, toughness and weld hot cracking resistance can be improved by selectinq the chemical 

composition. Therefore,^ is very suited for use as a pipe for a pipeline for conveying a crude oil or natural qas highly 

corrosive to metals while omitting dehydration treatment. 
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1.i A martensitic stainless steel welded pipe; which comprises a „base t metal which is a stainless steel containing, on 
the mass % basis, not more than 0.05% of C and 9-20% of Cr and having a metallurgical microstructure comprising 
a full martensite phase or a martensite phase as the main constituent with a ferrite phase contained therein, and 
. a seam weld metal which is a stainless steel containing, on the mass % basis: not more than 0.1% of C and 7-20% 
of Crand having a metallurgical microstructure comprising a martensite .phase as the main, constituent with an 
austenite phase contained therein, a seam weld bead on the inside surface satisfying the following relationf.1 ): 

L<0.2xW (1) 

~"c: " : nap vac 4 O " -iM - *0 ^ f - 

where L: the length of the portions of the seam weld bead showing a value of h which exceeds 1 .25 as calculated 
by the expression (2) shown below: 



•j 



•J:. 



where 



h = {1 + (2 x H/W)} x (YS B100 /YS w100 ) 



(2) 



H: the height of the bead from the pipe inside surface (mm), 
W: the width of the beadlmfriy, ' M Q mtf ton 

YS B100 : the yield strength of'the base metal at 100^C (MP^ crp 1 ° n 
YS w100 : the yield stfengttvof the weld metal at 100 D C (MPa).- r ' °- 

A welded pipe as claimed in Claim 1 s , wherein the metallurgical microstructureVof the base metal is constituted of, 
on the volume % basis, 55-90% martensite phase and 1.0-45% ferrite phase andjhat of the wejd.metal is constituted 
of, on the volume % basis, 70-95% martensite phase and y 5-30% austenjte phase, and wherein the chemical com- 
positions of the base metal and weld metal are, on the mass n %.basis„as follows: 



p'*. 



-0 .■-> 



Base metal: _ Si ! 0.01-1%, sol.AI 10.001-0.1%, 
- Mn ! 0.05-2%, V 

, Ni -i- 0-9%,-. Zr 



i QtO.5%, 
-1-0-0.5%, 



Mo i 0-5%, . .Ca ^ , | 0-0.05%,, 
W I 0-6%, Mg ! 0-0.05%, v ... 

Cu j 0-5%, Ti S not more than 0.1%, 



- 'lis 



»3> 
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- . -4 \ « ' 1 . ■ j i ' • } • 


r» v r - 1 ■ 

* 


(continued) ' ^ ^ ; V: 1 - 'r-. - .- 

. ■ S j+ • « # « *l r 1 - ■ t ■ 


5 


* 1 

V . ..■ n-" .^r: 2i5 v. T : *' 
' " .» J " ' in :- r ~o' 


- - - — . *. - 

Weld metal:. Si 


1 
• 

j '6.01-1%, 

LO.05-2%,. 


Daiance • re, irnpuriues, 

« »■ . • t- * it-ear-: «*r> - .-*i;>c ' ; ' 
sol. Al . .1.0.001-0.1% , 

Y :---:|M?»':.k.: 






Ni 


i 0-10%, 


2r—«0£ivl 0,-Q,3%, , -y :: . ,,. , 








'L.0-5% r( : 


,,-Car; >jnl 0.-0tQ3%,:anjo 

i 




/ * * ; ■ ' ^vc .•- : 


!■./?' -61 s.j^ " Mjrt W 


L 0-3%, 


cMg 1 o*v rf0-0.03?/or^n v o! 
Ti -i j^not more^than^o:i%A/ 




ri \\. ■ V- : V j! v.. 




h 0-3%, 1 


10 






1 
« 

: 

• 
* 


- r Balance H l Fel«im^ufities?^ w *< r - ; 

• 



V - * 



1 



• 1 I 



H boicdrr-'j" •! amir :,a2 



the contents of P, S and O (oxygen) among the impurities being, for both the base metal and weld'metal, P:"not 
more than 0.025%, S: not more than 0.01% and O: not more than 0.01%, and the content ofjsl being not more 
than 0.02% for the base metal and not more than 0.05% for the, weld metal. . . . 

3. A welded pipe as claimed in Claim 1 or 2, wherein the contents of Cr, Ni and.Ti in the base metal are, on the mass 
% basis, Cr: 1 1 -20%, Ni: 3-7% and Ti: not more than 0.05%, with the following relations (3) and (4) being satisfied: 



20 



Cr+1.5Mo-Ni-0.4Cu-14 ^ 0 



(3) 



25 



30 



;;r:."!5KO:i o^'-: -.■Jfttrisic >! ■■'ri'w? HvCrVLSMo -^Ni. -0.8004-12^5! <':0 iX'-^v oil? £fwn^rp A (4) 

4. rt , A welded pipe as claimed in any of Claims 1 to 3, wherein the contents of Cr, Ni, Mo andTi in the base metal are, 
' on the mass % basis, Cr: 15-20%, Ni: 4-7%, Mo: 1 .5-4% and Ti: not more than 0.015%, and the contents of Cr, 
Ni, Mo, W and Ti in the weld metal are, on the mass % basis, Cr: 11 -1 8%, Ni: 5-1 0%, Mo: 1 .5-4%, W: 0-4% and 
Tt: not more than 0.03%, with the chemical composition of the weld metal satisfying the following relations (5) and 

(6): 
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. 1< cr+ Mo -1.7Ni ^ 13-220x0 (oxygen) (5) 

25 s Cr+Mo + 1.8Ni ^ 30. (6) 

5. A welded pipe as claimed in Claim 1 or 2, wherein the base metal and the weld metal in the seam portion respectively 
have the following chemical compositions on the mass % basis: 





Base metal: 


C i not more than 0.05%, 

• i * ~ * * t^l t * * * 


1 Cu i 
V 


I 0-3%. , + , . . 
| ?rRi'i?r / ^.'jd BtU to ri1b : ' 






t >^ ' 1 * » ' 

Si j not more than 0.5%, 






• 

Mn j not more than 1%, * * 

• 










Cr | 9-17%, - r .-■ ; 


c. 'tO^rp blew 


j^not more■than-0;1?^,•^^ 

i ■ 






Ni | 0-9%, 


Balance 


I Fe, impurities, 






^W:'« f i'-0M%-, t> :-r 
• • 




■ 

p TM.^O n 0 r +m sin 9< 


uf'r .3 f '< z *• 


" Weld' metal: 7 -^ ' C^c i r not more than 0.05%, 




i "Guro-3%;-- -'^ ^c 


^r/*., 'fS'-iTTifO 91 




5 ^Si Hr} Hndt more than" 0.5%", " 




ho*;2%y ^•■d^Gmu! 






-;,'7lln 1 i.ic '>:>■■*_■' 

Mn w j not more than 1%, 


' • g| SBiem 


| { b^. : o , i s /o? lQm ^ sri 9f1 ' 






—Cr- ■-! 9-20%,- 




|-0-0:01%r; 1 






Ni L | 0-9%, 
W s X)-3%, 


Ti 


"! not more than' 0. 1 %, 






Balance 

'^n n ; it 


| Fe, impurities. ' 



x r a c ' 

nulov v <-»o 

OfiT no 'c 

.0 3H^':.?. 'J 



6. Use of a welded pipe as describedjn any of Claims 1 to 5, in a line pipe for conveying a crude oil or natural gas 
with no dehydration treatment. ' J ' 
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Fig. 2A 
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Fig. 2B 
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y~=H-V7 E + 0 . 002) ^X- A - 4 V By) yC[Z t 

o : bending stress 

E: Young s modulus 
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Fig. 4 
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